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i Abstract 

■ We shall consider the problem of Dark Matter in torsion gravity with 

Dirac matter fields: we will consider the fact that if WIMP in a bath are 
allowed to form condensates then torsional effects may be relevant even 
at galactic scales; we show that torsionally-gravitating Dirac fields have 
interesting features for the problem of DM. We discuss some consequences. 

l "o'; Introduction 

cr 

At the present stage, in the race between theories predicting phenomena that 
experiments must measure and experiments observing facts the theory has to 
explain, we are in a situation that is quite rare in the history of physics, because 
although on the one hand there is a vast phenomenology still far from being 
1 confirmed on the other hand there are only few things without a proper system- 

ic . atization: among them, one of the most intriguing is certainly Dark Matter. 

The problem of Dark Matter consists in the fact that the observed dynamics 
of the large scale universe, cluster of galaxies and galaxies themselves, seems to 
be well reproduced by simulations in which the gravitational force is stronger 
than what is expected to be; this could be due to two factors: a modified theory 
of gravitation or the same gravity of yet an exceeding matter distribution. 

Of these two approaches, the former might be able to describe some features 
like the galactic rotation curves, but it can say nothing about other phenomena 
such as the Bullet Cluster, which is the smallest of a couple of galaxies passing 
" through each other, where during the crossing matter slows down due to the mu- 

tual gravitational attraction; however, gravitational lensing has been observed 
even out of the visible matter distribution, suggesting that there must be an in- 
visible field very weakly-interacting which is nevertheless the source over large 
distances of a gravitational field: this implies that what causes the gravitational 
field outside the visible matter distribution cannot be an additional gravita- 
tional effect of that matter, because if this were true it would be impossible to 
have this matter distribution with its own gravitational field in leading-order 
residing within the visible matter distribution but with higher-order corrections 
dislodged out of the visible matter distribution itself, and so beside the visible 
matter another form of matter must be present [1J. Thus, it remains the latter 
approach, describing DM as a real although yet unknown form of matter. 

In terms of this approach, DM is a form of matter which must be neutral 
and very weakly-interacting so to justify why it is invisible and does not suffer 
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the slowing process of the gravitational pull, and there are a few candidates 
possessing these features: the most relevant are Axions, ELKO and Weakly- 
Interacting Massive Particles WIMP; we shall briefly discuss them next. 

The basic idea of Axions has nothing to do with DM, as they were first 
postulated to solve problems related to chromo dynamics, that is the so-called 
Peccei-Quinn model; it was only afterwards that they have been recognized to 
have the character DM should have: however, this model in its most natural 
form is being restricted by observations in experiment such as ADMX and the 
consequently needed fine-tuning is diminishing its elegance. Both ELKO and 
WIMP are ^-spin spinors, a form of matter well accepted. The ELKO fields 
are Majorana spinors solving the mass problem by postulating them to verify 
second-order derivative field equations [H 02 HI [5] : these particles are a recent 
and promising attempt to furnish a candidate for DM, although the fact that 
they are spinors verifying higher-order derivative field equations may create 
issues for the torsional self-interaction [7J [HI EO CEO] ; WIMP fields are ^-spin fields 
verifying the Dirac equation, so they are both structurally and dynamically 
defined in terms of a commonly accepted framework. The WIMP field is a 
rather natural candidate for DM, but because neutrinos are massless, or at least, 
even if we believe that the existence of neutrino oscillations must necessarily be 
described in terms of neutrino masses, the hypothetical neutrino masses are not 
large enough, then neutrinos cannot be slow and therefore do not match some 
requisite to be WIMP, so that WIMP fields must be sought in some enlarged 
forms of the standard model of particle physics. We are not going to discuss 
here the extensions in which WIMP candidates can be found, since we shall 
focus on a different type of problem, that is assuming that WIMP can actually 
be found, then are there interesting properties that ought be investigated? 

To be more specific, let us assume that WIMP fields are in fact the correct 
description of DM: as WIMP fields are ^-spin spinor fields verifying the Dirac 
equation, then in a gravitational context they are described by the Sciama- 
Kibble completion of the Einstein theory for the Dirac matter, that is the 
Sciama-Kibble-Einstein-Dirac SKED theory, where torsional contributions in- 
duce fermionic self-interactions in the matter field equation, as it is discussed 
for example in references [TT] and [T^l [T2J HH HH US] ; these torsionally- induced 
fermion-fermion interactions can be equivalently rewritten in the form of Nambu- 
Jona-Lasinio NJL potentials [TTl [T51 [TO] . The consequence of this fact is that 
WIMP fields permeating the galaxy are described by the SKED theory, there- 
fore subject to a phenomenon of condensation analogous to the one happening 
in the NJL model; the fact that condensate fields may have a quantum but 
nevertheless macroscopic structure is expected, and if there is no fundamental 
interaction such as chromodynamics or electrodynamics confining the WIMP 
condensate field then it is not unreasonable that macroscopic scales in this con- 
text may even be galactic scales |201 |2"T] . As WIMP bath forming a single 
condensate at galactic scales is the most natural environment in which torsion 
may be relevant for the galactic rotation curves then we believe that condensates 
are the most natural systems in which to exploit those torsional effects that have 
been studied in a classical context in [22J, already with intriguing results. 

On the other hand, in the usually accepted description of galactic rotation 
curves, the orbital velocity of a body within the matter distribution has the New- 
tonian behaviour linearly increasing with the distance before becoming constant 
as we move far from the center of the galaxy, which means that the density must 
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scale according to - for the visible matter contribution and according to -i^ for 
the DM contribution; however, thinking at the = behaviour as due to the Ein- 
steinian gravitational effects of visible matter and at the behaviour as due to 
the Einsteinian gravitational effects of WIMP is unsatisfactory because as it is 
treated normally it must be regarded as a mere accident, but also because there 
is no reason why similar matter distributions behave so differently. 

Instead, if we think at the £ behaviour as still due to the Einsteinian grav- 
itational effect of visible matter but at the i behaviour as now due to the 
torsionally-gravitating contribution of WIMP it is easy to see why they behave 
differently, and therefore it may happen that the correct behaviour is obtained 
without any impression of any accidental situation. 

In the present paper we will assume this point of view, eventually drawing 
some of its most relevant consequences. 



1 WIMP fields in SKED field theory 

As we just mentioned, our starting point is to assume that WIMP fields exists 
in a galactic context, describing them in terms of the Sciama-Kibble torsional 
completion of Einstein gravity for Dirac matter fields: for the SKED theory we 
are going to refer to [H HH HH [15l [16] and [HI [19] for notation and conventions. 

In these papers it is explained how starting from the most general system 
of field equations with torsion one may equivalently obtain the system of field 
equations in which torsion has been converted by means of torsion-spin field 
equations into spinor self-interactions: it will suffice to give the system of field 
equations already in the torsionally-decomposed form, and so we shall only recall 
the torsionless quantities starting from the metric tensor <? M „ from which we 
build the Riemann metric curvature pcrw with contractions given by the Ricci 
tensor and scalar R a pat7 — R pa and R pa g f " T = R with spinor field and Dirac 
matrices "fj for the spinorial covariant derivative V M as usual; field equations 
for the gravitational field written for Ricci metric curvature tensor are 

Ry, v = -^kmiptpg^ + 
+87r/cf (Vov V v ip + inuV^ - Vu^ip - V^rfutli) (1) 

with field equations for matter as given by 

ihYV^ - ^tfthnWQ ~m^ = (2) 

where the torsional coupling constant a is not fixed yet while k is the gravita- 
tional constant, and the parameter m is the mass of the matter field. 

The background we choose is the one that best represents the circumstance 
of galactic rotations, that is the weak-gravity slow-speed stationary spherical 
symmetry which in the frame that is at rest with respect to the center of the 
galaxy we have that — g rr = B 2 yielding the spatial spinor covariant derivatives 

Vr* = % 

V^f^ + ^^+Scot^sin^ 3 (3) 

in the matter field equation; according to these approximations, in the gravita- 
tional field equations above only the time-time component is relevant yielding 
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the Newton law for the acceleration a felt by a test-body while for the matter 
field we have i(f>-f(pKiO so that defining (f>4> — p we get the Newton law 

div a w — Airk[mp + |afi 2 p 2 + 

+ l ft(f 7 V-^7 1 f) + f(i7 2 0-07 2 |f) + A(f7 3 0-^7 3 ^)] (4) 

with time derivatives of the field substituted via the matter field equation 

Vt* + itirr 1 1 + f 7 2 §f + ^7 3 f + 
+ ^7 1 0+^f^7 2 0-ft^ 2 P0-™0«O (5) 

in terms of the spatial derivatives that have been given right above. 

In the approximation of non-relativistic dynamics writing the spinor field 
in standard representation, we have that the small component vanishes leaving 
only the large component in the Newton law, which can be written as 

div a ~ —4TTk(mp + ^ah 2 p 2 ) (6) 

where p is the condensate [501 HI]> an d it has no field equation. 

The resulting effective dynamics for the gravitational field contemplates both 
the expected mass contribution and the additional torsional contribution, ac- 
cording to the Newton law ((SJ) above; notice that over large volumes the quantum 
properties of each particle are lost in particle bath, and correspondingly we can- 
not expect to have genuinely quantum contributions of the spinor, neither as 
further additional terms in the gravitational field equation nor as supplementary 
equations such as the matter field equation itself. However, considering the dy- 
namics of single macroscopic condensate field is problematic because we do not 
know the condensate field equation, although the fact that the condensate is an 
effective scalar field p makes it reasonable to assume it must obey an effective 
scalar field equation of the type V 2 p « V(p) where V(p) encodes the effective 
self-interactions of the effective field with itself, and since for scalar fields these 
interactions are known to tend to zero more quickly compared to the kinetic 
term in the infra-red approximation, then it also becomes reasonable to assume 
that the potential V(p) vanishes consequently leaving V 2 /9~0 solely. 

This field equation has solution p « ^ which is by the way the expected 
behaviour for scalar-like condensate fields: plugging it into ©, integrating and 
writing the centripetal acceleration in terms of the tangential velocity gives 

v 2 « 2vrfc(2mKr + 3ah 2 K 2 ) (7) 

in terms of k describing the density of the condensate, according to an expression 
in which both massive terms and torsional terms are present |22] , 

This expression describes the behaviour of the tangential velocity of the rota- 
tion curve where the expected mass term is now accompanied by the additional 
torsional correction: the solution /0~^r was indeed reasonable, since we obtain 
the precise behaviour expected for the mass term; but because of the rigidity 
of these expressions then we simultaneously get the behaviour of the torsion 
contribution as fixed in a necessary way. This means that for visible matter, 
torsional contributions disappear leaving only the mass term, linearly growing 
as expected for Keplerian orbits; instead for the WIMP, the particle bath form- 
ing a single condensate field can retain the torsional contribution as the most 
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relevant ones if the mass term is negligible, resulting into the constant behaviour 
as a prediction for DM effects. Finally we notice that because we do not know 
the torsional constant value we cannot evaluate the density k of WIMP fields. 

The fact that in this paper we have considered WIMP bath condensates 
employing torsion instead of a different mass distribution in order to fit DM 
means that, although in the situation of galactic rotation curves results in the 
two cases are identical, nevertheless in the case of other systems such as the 
Bullet Cluster differences may arise, which in turns means that in the future it 
will be essential to take into account this issue so to have the possibility to see 
what crucial discrepancies might eventually emerge. 

Conclusions 

In the present paper, we have discussed the issue of DM explained in terms of 
WIMP fields described by the SKED theory: we found a dynamical behaviour 
capable of giving rise to both massive and torsional gravitational effects that in 
the case of galaxies respectively reproduce the Keplerian orbits but now supple- 
mented with DM effects; in this scheme, the Keplerian orbit is still due to visible 
matter in a standard form for which only the massive contribution is present, 
while DM corrections are due to WIMP bath forming a single condensate field 
for which torsion is relevant indeed. The two different behaviours of massive 
and torsional terms have a rigidly fixed relationship, and it can in no way be 
an accident. In the usual paradigm the gravitational effects that give the Kep- 
lerian orbits and the DM corrections are both due to mass terms but with two 
different density distributions; the fact that there appears to be no reason for 
these two different dependencies makes it clear that the resulting behaviours 
are completely unrelated. What this means is that in the commonly embraced 
approach, if we were not to know what the DM behaviour were there would 
be no possibility to deduce what it should be, while in this approach of ours 
the DM behaviour cannot be any different from what it is. This is intriguing, 
because with DM explained as a halo of particles with mass there would have 
never been any possibility to predict the existence of DM before its actual obser- 
vation, while with DM interpreted as a bath of particles forming a condensate 
field with relevant torsional contribution there might have been the opportunity 
to predict DM must have been present even before we could detect it. 

A question we might ask now is whether it makes sense to think at WIMP 
fields as able to give rise to a condensate field: the model suggests that there is 
such a possibility since it has already been done in the case of Bose- Einstein con- 
densates, and because for WIMP there is no force preventing it from spreading 
then it is not inconceivable to think that this condensate may stretch over galac- 
tic scales; this idea has already been used [23 IZ0 although never in presence of 
torsion to fit the DM behaviour. The idea of employing torsion to fit galactic 
rotation curves has already been used |22| although never for quantum parti- 
cle condensed states; here the two ideas are merged, since condensates are the 
most natural environment for torsional effects to occur. Then at galactic scales 
the resulting behaviour of DM is quite straightforwardly obtained, without the 
necessity to assume the validity of any supplementary hypotheses. 

This fact that for WIMP fields the presence of torsion has the effect of giving 
the correct behaviour of DM without requiring more assumptions is intriguing 
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enough, we believe, to proceed with more studies about galactic rotation curves, 
and other systems like the Bullet Cluster, hoping that WIMP's torsional effects 
would yield even more predictive results. 
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